This book deals with experimental results of the physical characterization of several important, dielectric materials of great current interest. The experimental tools used for the analysis of these materials include X-ray diffraction, dielectric measurements, magnetic measurements using a vibrating sample magnetometer, optical measurements using a UV-Visible spectrometer etc.
The materials studied and reported in this book are as follows; the impedance analysis of nanocrystalline NiO prepared using the combustion method; PL (photoluminescence, IR (Infrared, Raman, and X-ray characterization of GaO powders prepared using the chemical method; X-ray, SEM (Scanning Electron Microscopy), VSM (Vibrating Sample Magnetometer), UV-Vis (UltraViolet-Visible) characterization of the multiferroic material Ga 2-x Fe x O 3 prepared using the SSR (Solid State Reaction) method; XRD and optical studies on sol-gel prepared samarium and manganese substituted calcium hydroxyapatite; defect studies and positron annihilation studies on ZnO nano particles prepared using the sol-gel and combustion methods; Bonding in La 0.9 Zn 0.1 FeO 3 multiferroic material prepared using the chemical method; effect of temperature on the magnetic phase transition in Co 0.5 Zn 0.5 Fe 2 O 4 prepared using the mechanical alloying method; effect of sintering temperature on the micro structure and optical properties of ZnO ceramics. 
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This volume includes 10 chapters dealing with the experimental growth and characterization of the above mentioned samples. NiO nanostructures prepared using different methods, like sol-gel method and combustion method have been experimentally studied and reported in this book. Several dielectric ceramics like Ga 1-x Fe x O, ZnO bulk and ZnO nano particles nano TiO 2 and the multi ferroic compounds La 1-x Zn x FeO 3 have been studied and reported as well. The different chapters were written by active scientists and researchers from reputed Institutions from India, South Korea, Lithuania, Taiwan, Malaysia, and Indonesia.
Introduction
Nickel oxide is one of the most interesting transition metal oxides and it has enormous attention due to its usage in different applications such as magnetic devices [1], electro chromic films [2], gas sensors [3, 4] , dye sensitized photo cathodes [5, 6] , catalysis [7] , etc. Nano crystalline nickel oxide has more enhanced properties than the micro sized particles because of the quantum size effect, surface effect, macroscopic quantum tunneling effect and volume effect [8] . The reduction of the grain size in nano sized NiO material is better for the capacitive enhancement and has proven more advantages for enhancing electrochemical energy storage properties including power and energy density [9, 10] . It has a high ion and electron transport because of the large surface to volume ratio and also the formation of a short diffusion pathway between the nano grains [11, 12] . Nano materials are easily adopted in materials science because of their novel properties due to their size and shape. Also, new synthetic approaches are available for getting nano samples and to enhance their growth mechanisms, etc. Thus, several synthesis methods are attempted to prepare the nano particles in different forms such as nano grain, nano rod, nano sheet, etc. Dual fuel based combustion is one of the methods to prepare nano crystalline materials [13] . Citric acid and tartaric acid are used as a fuel and capping agent to make very fine nano sized metal oxide particles. In this study, an attempt has been made to synthesize nano crystalline NiO materials by a citric acid and tartaric acid based combustion process.
Material synthesis
Analytical grade nickel nitrate was used as a precursor material and citric acid and tartaric acid are used as fuels of the tartaric acid based sol-gel combustion method. Fig 1. shows the preparation of nano crystalline NiO powder by the combustion method. Stochiometric amount of nickel nitrate was added with distilled water and the solution was marked as label A. The citric acid and tartaric acid were weighed as per 1:1 metal ion ratio and they were dissolved with distilled water. The solution was named as B. Solution B was added drop wise to solution A and the final mixture was stirred continuously under heating resulting in a transparent resin. . For electrical conductivity analysis, the nano crystalline NiO sample was pelletized and sintered at 600 o C and the sintered pellets were painted with silver paste and annealed at 300 o C. The electrical impedance was measured using Hioki made impedance analyzer in the frequency range 40 Hz to 1MHz.
Figure. 1 Preparation of nano crystalline NiO powder by the sol-gel combustion method
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X-ray diffraction studies
Figure. 2 XRD patterns for NiO sample, calcined at various temperatures and Rietveld refinement profile, calcined at 600
o C.
The observed diffraction patterns and Rietveld refined diffraction patterns are shown in fig.2 . The observed broad lines signify that the crystallite size is small. Additional X-ray diffraction peaks other than allowed for the system are not observed in the X-ray patterns, this fact indicates the high degree of phase purity in the synthesized NiO materials. The observed X-ray peaks indicate the formation of cubic phase NiO nano particles and this is verified through the JCPDS data ( #00-047-1049) [14] . All the observed peaks were indexed as face centered cubic structure of NiO crystalline material. The lattice parameter of NiO is found to be a= 4.2154 o . The observed peaks confirm that the precursors and fuels have no role to play in the crystal structure. The crystallite size is also evaluated using the Scherrer formula and it is found to be ~27nm for the sample calcined at 600 o C. Figure. 3 FTIR Spectra for NiO sample, calcined at various temperatures. , indicates the formation of a NiO band [15] . At increased temperatures, the broadening of the FTIR peaks also increases, which confirms the growth of NiO particles. 
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Electrical impedance studies
Fig .6 shows the electrical impedance plot for the NiO sample, heat treated at different temperatures. The value of the impedance decreases while the sintering temperature increases. The complex impedance data is fitted using Z-data software. 
